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@ An alloy for a negative electrode of a lithium secondary battery, comprising an Li-Ag-Te type alloy having an 
atomic ratio of Li:Ag:Te = 15-120:1-20:0.001-2, an alloy for a negative electrode of a lithium secondary battery, 
comprising an Li-Ag-Te-(M1-M2) type alloy having an atomic ratio of U:Ag:Te:M1: M2 = 15-1 20:1 -20:0.001 -2:1- 
50:1-30 wherein Ml is a 3B-5B group metal and M2 is a transition metal other than Ag, and a lithium secondary 
battery comprising a negative electrode composed of the above-mentioned alloy. According to the present 
invention, a negative electrode, wherein the growth of dendrite is suppressed, charge-discharge capacity is high, 
energy density is high and degradation due to repetitive charge-discharge is less, can be obtained. By the use 
of the negative electrode obtained in the present invention, moreover, a lithium secondary battery superior in 
charge-discharge cycle life, which has high energy density permitting long-term use, high electromotive force 
and high charge-discharge capacity, can be produced. 
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FIELD OF THE INVENTION 

The present invention relates to an alloy for the negative electrode of lithium secondary battery which is 
5 sS alloy " " '° ^ ^^'^^"^-y battery "sing 

BACKGROUND ART 

There have been conventionally known nonaqueous electrolyte solution type lithium secondary batteries 

for'TnlT'T'r TT""" '""^^ ^" - - solution a^d pu' u 

for a negahve electrode. The use of a nonaqueous electrolyte solution and pure Li aims at achieving battery 

nrj;r''"^,H ?H f""*' ''9' electromotive force. However, such batteries are associated w^^ 

prob en^s m that dendnte (branch-like crystals) easily grow on the surface of the pure U negative electrode 
due to the electrodeposition caused by the discharge reaction between the negative electrode and U ions 

drcuirthl T:T^- : °* '^"^"^^ "^^^'^-^'^ ^^^rades the battery function, as as short 

u tTr^l, "^T and negative electrodes by penetrating a separator (electrolyte solution layer) to 
ultimately result in poor charge-discharge cycle life. ' 

In an attempt to solve such problems, it has been proposed to form a negative electrode from an Li 
alloy comprising an intermetallic compound of Al, Bi, Pb. Sn, In etc. and Li. According to this method the 

eSodlnrr'' " T^'T"'' ^^'^"^^'"^ ^P^^^ °' ^'-^-9^ between t'e negatt: 

electrode and Li ions. The decreased speed of discharge reaction is achieved by increasing the electrode 
potential of pure L. by alloying, thereby lowering the activity of the negative electrode. However 7is also 

f^crand chaToVd-rc? ^'f" °* ^'^'^^^^^^ 'owers electlomot iv" 

InH .on? <''^^'^9^.-^'^^^«'^9^ ^^P^C'<y- in that the negative electrode develops cracks through expansion 
■5 and contraction in volume for absorption and discharge of Li during charge-discharge cycles si^ce he 
anoying makes the electrode fragile, and the negative electrode ultimately becomes pulve ulent thereby 

shortening the service life of the battery. M^ivciuierii. mereoy 

Mq At'zn^L'''LdrtoTr' ^ ^"^V comprising 

„ 1 • ^^^'^^'"9 high electromotive force and high charge-discharge capacity 

0 However, the negative electrode formed from such dilute solid solution alloy does not Sffer ^gnfffcan 
from the surface of pure Li In terms of electrochemical properties, since the atementSd a2 
components are sprinkled in the metal crystal matrix of LI, and the electrode is suscepSe to dend £ 

nrrtl. H "^^^'^^ "^^'^ ^yP^ °' '^^^^"^ secondary battery is tss 

practical due to its short charge-discharge cycle life. 

' nJl- ^" .^''^^^^ °' '^^ P^®s®"t '"mention to provide an alloy for lithium secondary battery 

to ?h1'rtn^? h^'"''h'"^.''^' Charge-discharge capacity, high energy density and less degradation due 

Ih .hf H charge-discharge cycles, and a lithium secondary battery having high electromotive force 

cSe lif?' '^""^ °* ^'9^ ^"^^9V density, and superior charge-dlc ar^e 



40 



SUMMARY OF THE INVENTION 



Pi^ll!i!r T r ^^'^'^^'"9 object of the invention, the present inventors have found that a negative 
.5 rnv^ln '^^'"9 ^ ^P^^"'^ Object, and comp.eS Ih" 

Accordingly the present invention relates to an alloy for lithium secondary battery negative electrode 
TomTl " ''""^ ' composition based on an atomic'ratio of^i:Ag 5^^=15-1 2ot 

The present invention also relates to an alloy for lithium secondary battery negative electrode 
uZtT^.^"> '-;;^9-Te-(Ml-M2) type alloy having a composition based on^n atomic rat o oi 
meta'l c:^r":arA"""°""°"°"""'°"^°- ^ ^^^^ is a tra^sitio^n^ 

The present invention also relates to an alloy for lithium secondary battery negative electrode wherein 
Z 0:ZlnTol"''' ^"^ - - --''-^ se,ect~zT 

roml"^ present invention further relates to a lithium secondary battery comprising a negative electrode 
comprising the above-mentioned alloy for lithium secondary battery negative electrode. 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows one embodiment of the lithium seconary battery of the present invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The Li-Ag-Te type alloy to be used for the lithium seconary battery negative electrode in the present 
invention comprises an Li-Ag type alloy which absorbs and discharges Li during charging and discharging, 
and an intermetallic compound fine particles, such as Ag2Te and Li2Te, which realize fine division of 

10 crystals to promote diffusion of Li and Ag. 

Said Li-Ag-Te type alloy has a 7 1 -phase which can be seen in Li-Ag type alloys, and the present 
inventors have found that a greater number of the 7 1 -phases contribute to the retention of discharge 
capacity over an extended period of time, as well as improved charge-discharge cycle life. In other words, 
the y 1 -phase contains numerous vacancies due to the defect structure and promotes diffusion of Li and Ag. 

75 Accordingly, the 7 1 -phase quickly brings the changing electrode composition, which is associated with Li 
absorption and discharge, to an end by synergistic action with the Li and Ag diffusion-promoting effect 
achieved by Te by finely dividing crystals, so that the reversibility of charge-discharge reaction is improved. 
Consequently, discharge capacity can be retained over an extended period of time and charge-discharge 
cycle life is extended. Hence, it is particularly preferable that the alloy of the present invention contain 7 \ - 

20 phase in a large number. 

Te finely divides crystal particles by forming a multitude of crystal nuclei to increase grain boundary 
area during a solidification step in forming an intermetallic compound having a high melting point, which is 
composed of a reaction product of the aforementioned Li and Ag. and Te; namely, a melt-forming process 
of an Li-Ag-Te type alloy. The diffusion speed of Li in the grain boundary is not less than several dozens 

25 times as great as the transgranular speed thereof. As such, the increased grain boundary area leads to an 
accelerated diffusion of Li, which is a rate-determining factor in the Li electrodeposition on the negative 
electrode, thereby decreasing occurrence of dendrite. The accelerated diffusion of Li also results in an 
enhanced efficiency of Li absorption and discharge. 

A lithium secondary battery having improved charge-discharge cycle life can be obtained by using a 

30 negative electrode formed from an Ag-containing negative electrode alloy which has the aforementioned 
composition and which comprises Te at a lower concentration. 

Note that an Li-Ag-Te type alloy containing Te at a high concentration (e.g. not less than 5 in atomic 
ratio of Te) can also realize, like the alloy of the present invention, which contains Te at a lower 
concentration, advantageous properties such as greater Li absorption performance, suppression of dendrite 

35 growth during charging over a wide current density region, low electrode potential equal to that of pure Li, 
and high electromotive force afforded thereby. However, the alloy of the present invention, which contains 
Te at a lower concentration, is far superior in the prevention of gradual decrease in charge-discharge 
capacity during continuous charge-discharge cycle over an extended period of time; namely, in terms of 
charge-discharge cycle life and retention of initial charge-discharge capacity. 

40 One of the reasons for the above-mentioned phenomenon is considered to be degradation of properties 
of negative electrode surface due to the segregation and agglutination of the aforementioned intermetallic 
compound in an alloy containing Te at a high concentration. That is, when the Te concentration in the alloy 
for the negative electrode is high, segregation and agglutination of the Te intermetallic compound proceeds 
during long-term charge-discharge cycles, and macro accumulation additionally proceeds on the surface of 

45 the negative electrode to degrade the properties of the negative electrode surface. When Te is contained at 
a high concentration, therefore, diffusion of Li and Ag near the negative electrode surface is inhibited by the 
macro segregation and agglutination of the aforementioned intermetallic compound on the negative 
electrode surface, and charge-discharge property becomes poor due to the progressively occurring non- 
uniform current density distribution on the negative electrode surface. On the other hand, when Te is 

50 contained at a low concentration, the above-mentioned segregation and agglutination are suppressed, and a 
crystalline structure superior In diffusion of Li is formed. 

The aforementioned segregated substance easily causes cracks in the negative electrode during a 
winding step for forming the negative electrode in a sheet shape to be mentioned below, and the portions 
which have developed cracks tend to cause damages to a separator. Accordingly, suppression of such 

55 seggregation is advantageous in forming a high performance lithium secondary battery and a negative 
electrode therefor. 

An (M1-M2) type alloy component may be contained, besides the above-mentioned Li-Ag-Te type alloy 
component, in the alloy for lithium secondary battery negative electrode of the present invention. 
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.h.n^K ""^1^5"^^ '^^ ^'''^^''^^ *yP® component accelerates diffusion of lithium and smoothly 

absorbs and discharges lithium during charging and discharging. smoothly 

The (M1-M2) type alloy component is an intermetallic compound which is stable per se and 
suppresses, by the b-nder effect of the intermetallic compound, degradation of negative elec^ode due to 

cnntr^L^r ^'h'" ^'^^^^^^ °f '"-^iu-. thereby u^imaly 

contributing to the prevention of shortened cycle life of the batteiv. ultimately 

M1 is a 3B 4B or 5B group metal in the periodic table (long period), and one or more members mav 

be used m combination. Ml is preferably one or more members selected from Al, Si. In and Sn with more 

preference given to one or more members selected from Si. In and Sn 

'° n.r,n^^ H f^"""^''' ^' °^ group metal in the periodic table (long 

seTcSi f'rom Zn fe^o'nZ'^'J combination. M2 is preferably one or more memS 

from Zn Fe'nd Nf ^' ^'^^^ *° °^ ---"ers selected 

°' '^'^ ^P^^d of Li and Ag decreases and sufficient 

e ec^romotive force cannot be obtained. In addition, the alloy tends to show poo? processabilit When the 
TZ.r H " ^'^ct^^c'^^'^'--' Properties of the alloy become closer to those of pure Li 

n K? 0^"^"'^ °' '^"'"'^ -"PPrBSsed. Preferable atomic ratio of l? is 15-100 

preferably 15-90 and particularly preferably 15-80 

.IPrZtl*'^ T""" °' ''^ " ^ '-P'^^^^ associated with difficulty in forming and the 

electrochemical properties of the negative electrode surface become closer to those of pure Li electrode 
When the atomic ratio of Ag exceeds 20, the diffusion speed of Li and Ag decreases and prLssfnHf the 
aloy into a sheet becomes difficult. In addition, the electromotive force tends to decrease Se4^^^ 
atomic ratio of Ag is 2-1 8, preferably 5-1 8 and particularly preferably 6-1 3 decrease. Preferable 

When the atomic ratio of Te Is less than 0.001, its effect of finely-dividing crystals which promotes 
diffusion of Li and Ag, becomes poor. When the atomic ratio of Te exceeds 2. Ihe segTegation^te 

'ZZT"; ""^P°""^,«--"y proceeds. Preferable atomic ratio of Te is 0.002-1 .999. prefe S o 005-1 0 
and particularly preferably 0.005-0.05. picreiduiy u.uud i.u 

H?^'"" °^ preferably 1-50 and that of M2 is preferably 1-30. When the atomic ratios of 
InT t h'^' above-mentioned range, sufficient binder effect can be obtaiid andThen 

manufactured into a battery, superior charge-discharge cycle life, high charge-discharge capadtv hiah 

°"'r "i''^' '""^^ -^^^ -*°-ic ratio Of M1 is mL pSblyt 

30. particu arly preferably 5-20 and that of M2 is more preferably 1-20. particularly preferably l-T "^ 

neaa^veeectroiL'^Tlf '1'°' °^'-'-A9-Te-(^/11-M2) type alloy) for the lithium seconda;y battery 
negative electrode of the present invention can be formed by a known, suitable alloying method such as 

LTd an'd a'methodtr^ ''^'T'^r'' °' -P-tive alloy components Te meltld and 

reacted, and a method including reaction by evaporation 

.frr.^^'T'^'"? *° ^""^ ""^'""^ components are heated and melted under an inert qas 

atmosphere to give an alloy. The components are preferably heated to a temperature noTless than ?he 
melting point of Li. at which temperature alloying reaction proceeds speedily 

surfa^'crof a^lU^tn"'"''"'"'""/''?'"?' components are evaporated and solidified on the 

!vl^r! conductor composed of other kinds of metal. The method for evaporation includes for 

SI meir ST electron beam evaporation. vL^Jus ion 

SLnnr n > \ ! ^^""^ evaporation method, pulse plasma evaporation method. CVD (Chemical 
Vapor Deposition) and the like, which can be used as appropriate (onemical 

p^nd'IS ^fi^^V"'' '^'T'"^ '""^ secondary battery is not particularly limited 

and he electrode can be formed by a conventional method. For example, a previously-formed alloy for 
negative electrode is appropriately processed into a known negative electrode shape such TSee L,^ 
thin film, substrate plate and the like, which are hereinafter generally referred to as sheet shap^ ^' 
Specific examples thereof include a method for processing a negative electrode alloy into a sheet bv 
hot ro ling, hot extrusion or the like, and a method for forming a negatL electrode alloy layer on a elector 
l '"''"'^ "^^'^"^ "^'"9 ^ collector is advLageous fn foS 

The Error''*'" '^^"'^^ - °- °^ '^oth Sides o?the c^nector ' 

materS and TrirT""" ""'"^'"'^ ^ood processability and press-rolling the 

material, and the hot extrusion compnses heating the alloy materials for good processability and extruding 
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the material. The hot dipping comprises melting the alloy in an argon gas and immersing a collector therein 
for plating, and the vacuum plasma spraying comprises spraying a molten alloy on a collector under a 
reduced pressure argon atmosphere (e.g. 100m Torr). 

A sheet-shaped negative electrode can be also formed by. for example, setting a negative electrode 
alloy onto a collector sheet by the aforementioned evaporation. 

In addition, a sheet-shaped negative electrode alloy may be bonded to a collector sheet by a suitable 
method such as brazing, soldering, ultrasonic welding and spot welding, whereby a laminate of a negative 
electrode alloy sheet and a collector sheet is formed. 

The method for forming a negative electrode made of an Lt-Ag-Te-(M1-M2) type alloy includes, besides 
the above-mentioned, a method comprising applying to or evaporate-depositing on a collector sheet a 
suitable amount of an (M1-M2) type alloy powder and subjecting the collector sheet to heat treatment, 
followed by spraying, impregnating with or immersing in an Li-Ag-Te type alloy. These steps are preferably 
performed under an inert gas atmosphere so that degradation of respective constituent materials can be 
prevented. 

The collector sheet refers to a sheet-shaped collector composed of suitable conductors such as Ni, Al. 
Cu, Ag and Fe. Specific examples thereof include metal foil sheet, metal mesh sheet and metal porous 
sheet. 

The structure and production method of the lithium secondary battery of the present invention are 
known except the use of a negative electrode made of the aforementioned alloy for lithium secondary 
battery negative electrode. 

In Fig. 1, one embodiment (coin type) of the lithium secondary battery of the present invention is 
exemplified, wherein 1 and 7 are battery cans, 2 and 6 are Ni plate collectors, 3 is a negative electrode, 4 is 
a separator (electrolyte solution layer), 5 is a positive electrode and 8 is an insulation sealant. 

The positive electrode of the lithium secondary battery may be formed from a positive electrode 
material comprising, as an active material, Mn02, LiCo02, LiwCoi-x-yMxPy02+2 wherein M is one or more 
members of transition metals, 0<wS2, 0^x<1, 0<y<1 and -1^z^4, or a substance comprising at least one 
kind selected from phosphate of Li, phosphate of Li • Co, oxide of Co and oxide of Li • Co in a proportion 
of not less than 0.1 mole of Co and not less than 0.2 mole of P per mole of Li. 

The sheet-shaped positive electrode can be formed, for example, by a suitable method, such as 
casting, compression molding, roll forming, doctor blade method and the like, together with, where 
necessary, conductivity-imparting agent (e.g. acetylene black and ketzen black) and binder [e.g. poly- 
tetrafluoroethylene. poly(vinylidene fluoride) and polyethylene]. As the solvent for the binder, N-methylpyr- 
roltdone. propylene carbonate and the like may be used. As in the case of negative electrode, a positive 
electrode material may be bonded to a collector sheet as appropriate. 

A nonaqueous electrolyte solution and solid electrolyte may be used as an electrolyte for lithium 
secondary battery. 

The nonaqueous electrolyte solution can be prepared by dissolving salts such as Li salt in a suitable 
organic solvent such as propylene carbonate, ethylene carbonate, dimethyl carbonate, diethyl carbonate, 
tetrahydrofuran, 2-methyltetrahydrofuran, dimethyl sulfoxide, sulfolane, y -butyrolactone, 1 ,2-dimethox- 
yethane, diethyl ether, 1 ,3-dioxolane. methyl formate, methyl acetate, N,N-dimethylformamide, acetonitrile 
and mixtures thereof, and dissolving organic additives such as 2-methylfuran, thiophene, pyrrole and crown 
ether as necessary. 

Examples of Li salt include LiCI04, LiBF/^, LiPF^, LiAsFa, LiAICU, Li(CF2 802)2, Li! and LiCFaSOa. The 
concentration of Li salt in the electrolyte solution is generally 0.1-3 moles/t, which is not limitative. 

Examples of the solid electrolyte include those prepared by mixing salts such as the aforementioned Li 
salt with a salt electrolytic polymer such as polyethylene oxide, polyphosphazene, polyaziridine, polyethyl- 
ene sulfide, derivatives thereof, mixtures thereof and complexes thereof. 

When the aforementioned nonaqueous electrolyte solution is used as an electrolyte, a separator to be 
interposed between the positive and negative electrodes is formed by a suitable conventional method such 
as impregnating or filling a porous polymer film, glass filter, nonwoven fabric and the like with said 
electrolyte solution. When the aforementioned solid electrolyte is used as an electrolyte, it advantageously 
also functions as a separator between the positive and negative electrodes. 

Examples of battery can include Ni-plated iron, Cr-plated iron and stainless, with preference given to Ni- 
plated iron. 

Examples of insulating sealant include polypropylene, polyethylene and nylon, with preference given to 
polypropylene. 

The shape of the lithium secondary battery can be determined as appropriate according to the object of 
use, and can be a coin type, button type or winding type. In a secondary battery of the coin type, button 
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type or winding type, sheet-shaped negative electrode and positive electrode are preferably used 

The method for producing the lithium secondary battery is not particularly limited and the battery can 
be manufactured by a known method. For example, a winding type lithium secondary battery can be 
rnanufactured by winding a negative electrode and a positive electrode with a separator interposed between 
the two electrodes, housing same in a battery can. injecting an electrolyte solution and applying an 
insulation sealant at the edge of the battery can. The coin type and button type lithium secondary batteries 
can be manufactured in the same manner as above except that a negative electrode and a positive 
tfl^ebeLen ^ "^^^'^ ""^^ ""'""'"^ ^° ^'^^^t^^^es with a separator interposed 

The lithium secondary battery thus obtained is charged by continuous application of a constant current 
application of pulse current from a pulse power supply or other suitable method. The charging with pulse 
current is advantageous in that changes in concentration can be suppressed by repetitive application and 
suspension of the current, thereby making dendrite difficult to develop. 

limitld^ present invention is described in more detail by way of Examples, to which the invention is not 

Example 1 

An Li-Ag-Te type alloy having an atomic ratio of Li:Ag: Te = 90:1 0:1. which had been formed by the 
melting method, was heat-melted at 300 -C. A collector sheet (13 um thickness. 41 mm width 300 mm 
ength) was immersed in the molten solution and pulled out to give a negative electrode tape having a 14 
um thick Li-Ag-Te type alloy layer on the both sides of the collector sheet. The collector sheet had been 
prepared by forming a 0.5 um thick Ni plating layer and thereon a 1 um thick Ag plating layer on both 
sides of a 10 um thick Cu tape and the sheet was superior in heat resistance and wettability with the 
aforementioned molten solution of the alloy. 

Alongside therewith, lithium carbonate, basic cobalt carbonate and a 85% aqueous phosphoric acid 
solution were mixed in an atomic ratio of Li:Co:P = 2:1.5:0.5. The mixture was placed in an alumina crucible 

nt^iim"''' ? 'VI '° ^'^^ ^ '"''^"^^ ^"^=*-^^> °^ P-^-P^-t- °* lithium" phospTateS 

hthiuni - cobalt, and cobalt oxide. The mixture was pulverized in a ball mill to give a powder having a 

w2h! "^o'-e than 20 um. Then, said powder (46 parts by weight), acetylene black (4 parts by 

weight). poly(vinylidene fluonde) (2 parts by weight), and N-methylpyrrolidone (50 parts by weight) were 
mIh '^IT^^J'"^ aluminum tape (38 mm width. 240 mm length. 20 um thickness) by the doctor 

mIh V "1 *° ^"''^ a 150 um thick coating layer (positive electrode layer), which was 

used as a positive electrode tape. 

The aforementioned negative electrode tape and the positive electrode tape were wound with a 30 um 
tfiick porous polypropylene film (separator) interposed between them, and housed in a battery can An 

nrnaSJ h'n ? T'^ T r"''"' *° ^'"^ " ^""^^-^^^^ '^^"^^V The electrolyte solution was 

prepared by dissolving 1 mole of LiCIO^ in 1 t of propylene carbonate. 

Example 2 

^..LZT"^ ^"^^ ^ secondary battery were obtained in the same manner as in 

Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 90:10: 0.1 was used. 

Example 3 

Fv.mn?of ""^ electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 90:10: 0.01 was used. 

Example 4 

A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 95:5:1 was used. 

Example 5 

A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 95:5:0.1 was used. 
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Example 6 

A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 95:5: 0.01 was used. 

5 

Example 7 

A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li :Ag :Te = 85:15:1 was used. 

10 

Example 8 

A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 85:15: 0.01 was used. 

15 

Example 9 

A lithium secondary battery was obtained in the same manner as in Example 1 except that a 20 um 
thick layer of an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 90:10:0.2 was formed by vacuum 
20 plasma spraying on both sides of a collector sheet to give a negative electrode tape. The vacuum plasma 
spraying was performed under a 100m Torr highly pure argon atmosphere. 

Comparative Example 1 

25 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 90:10:5 was used. 

Comparative Example 2 

30 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag type alloy having an atomic ratio of LiiAg = 95:10 was used. 

Comparative Example 3 

35 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 95:5:5 was used. 

Comparative Example 4 

40 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag type alloy having an atomic ratio of Li:Ag = 95:5 was used. 

Comparative Example 5 

45 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag-Te type alloy having an atomic ratio of Li :Ag:Te = 85:15:5 was used. 

Comparative Example 6 

50 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 
Example 1 except that an Li-Ag type alloy having an atomic ratio of Li:Ag = 85:15 was used. 

Comparative Example 7 

55 A negative electrode tape and a lithium secondary battery were obtained in the same manner as in 

Example 9 except that an Li-Ag-Te type alloy having an atomic ratio of Li:Ag:Te = 90:10:10 was used. 



BNSDOCID: <EP 0668621 AlJ_> 



EP 0 668 621 A1 



Experimental Example 1 



The Irthium secondary batteries obtained in the above-mentioned Examples 1-9 and Comparative 
Examples 1-7 were examined for the retention ratio of discharge capacity after 200 repetitions of charqe- 
5 discharge cycles using the current of 0.6 mA^'cm^ current density at 4.2 V (char9e)-2.5 V (discharge left 
standing for 1 hour after charging). The results are shown in Table 1. 



Table 1 



Battery 


Alloy composition 


Atomic ratio 


Retention of discharge 
capacity (%) 


Ex. 1 


^'~Ag"Te 




90 


Ex. 2 


Li-Ag-Te 


yu. lU.u. I 


92 


Ex. 3 


Li*Ag-Te 


yu.i u.u.ui 


95 


Ex. 4 


Li-Ag-Te 


yo. o.i 


78 


Ex. 5 


Li-Ag-Te 


95: 5:0.1 


85 


Ex. 6 


Li-Ag-Te 


95: 5:0.01 


90 


Ex. 7 


Li-Ag-Te 


85:15:1 


82 


Ex. 8 


U-Ag-Te 


85:15:0.01 


87 


Ex. 9 


Li-Ag-Te 


90:10:0.2 


85 


Com. Ex.1 


Li-Ag-Te 


90:10:5 


29 


Com. Ex.2 


Li-Ag 


95:10 


15 


Com. Ex.3 


Li-Ag-Te 


95: 5:5 


22 


Com. Ex.4 


Li-Ag 


95: 5 


13 


Com. Ex. 5 


Li-Ag-Te 


85:15:5 


27 


Com. Ex.6 


Li-Ag 


85:15 


11 


Com. Ex.7 


Li-Ag-Te 


90:10:10 


3 



45 



50 



55 



Example 10 



Starting materials weighed to have an atomic ratio of Li: Ag:Te = 90:1 0:0.5 were heated at 500 -C under 
a highly pure Ar atmosphere (dew-point temperature not less than -60 -C) for melting to give an alloy 
Starting materials weighed to have an atomic ratio of Si:Fe= 10:20 (the ratio relative to the above-mentioned 
k!° . ""^'^ ^^^^^^ ^' ^"^^'^ ^"'^^^ s^"^® atmosphere for melting to give an alloy The 

^ . ""^^ pulverized to 200 mesh and press-bonded to a long copper collector (42 mm 

width, 10 iim thickness) with a roller. The collector applied with the alloy was heated at 800 -C for 3 hours 
and used as a negative electrode substrate. The Li-Ag-Te type molten alloy obtained above was kept at 
250 C and the above-mentioned negative electrode substrate was immersed therein. The substrate was 
drawn such that the thickness of the Li-Ag-Te type alloy layer on the both sides of the substrate became 
50-200 um per layer and cut into 330 mm long pieces to give negative electrode plates 

A thoroughly-kneaded paste containing LiCoO^ (46 parts by weight) as a positive electrode active 
substance, acetylene black (4 parts by weight) as a conductivity imparting agent, poly(vinylidene fluoride) (1 
part by weight) as a binder, and N-methylpyrrolidone (49 parts by weight) was applied on both sides of a 
long aluminum foil (42 mm width. 10 um thickness) by the doctor blade method, such that the thickness of 
one side was 100 um. The foil was preliminarily dried at 200 'C for 1 minute and press-rolled. The foil was 
cut into 300 mm long and subjected to main drying in vacuo at 120' C for 3 hours to give a positive 
electrode plate. ^ m^oiuvc 
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Propylene carbonate containing water at not more than 20 ppnn and 1 ,2-climethoxyethane were nnixed at 
a volume ratio of 1:1 and 1 mol/t of lithium perchlorate was dissolved therein to give an electrolyte solution. 
A 25 nm thick polypropylene film having a porosity of 43% was impregnated with the electrolyte solution to 
give a separator. 

5 The negative electrode plate and positive electrode plate obtained above were wound with the separator 

interposed therebetween and housed in an Ni-plated iron battery can to give a size AA lithium secondary 
battery. 



Example 1 1 

In the same manner as in Example 10 except that starting materials weighed to have an atomic ratio of 
ln:Zn:Ni = 5:10:10 (the ratio relative to Li:Ag:Te), instead of the Si-Fe type alloy used to prepare the negative 
electrode of Example 10, were heated at 1,000° C under the same atmosphere for melting to give an alloy, 
a negative electrode plate and a lithium secondary battery were obtained. 

Example 12 



In the same manner as in Example 10 except that starting materials weighed to have an atomic ratio of 
Si:Ni = 20:10 (the ratio relative to Li:Ag:Te), instead of the Si-Fe type alloy used to prepare the negative 
20 electrode of Example 10, were heated at 1,200° C under the same atmosphere for melting to give an alloy, 
a negative electrode plate and a lithium secondary battery were obtained. 



Comparative Example 8 

25 In the same manner as in Example 10 except that starting materials weighed to have an atomic ratio of 

Li:Ag = 90:10 were heated at 500' C under the highly pure Ar atmosphere for melting to give an alloy for the 
negative electrode, a negative electrode plate and a lithium secondary battery were obtained. 

Experimental Example 2 

30 

The lithium secondary batteries obtained in the above-mentioned Examples 10-12 and Comparative 
Example 8 were examined for the electromotive force by the two-terminal method. In addition, the above- 
mentioned lithium secondary batteries were repeatedly charged and discharged using the current at upper 
limit voltage of 4.2 V and lower limit voltage of 2.7 V. The batteries were examined for energy density and 
35 retention ratio of discharge capacity at 50 cycles. The results are shown in Table 2. 



Table 2 



Battery 


Alloy composition 


Atomic ratio 


Electromotive 
force(V) 


Energy density 
(Wh/kgri 


Discharge capacity 
retention(%)*2 


Ex. 10 


Li-Ag-Te-Si-Fe 


90:10:0.5:10:20 


4.1 


170 


not less than 95 


Ex. 11 


Li-Ag-Te-ln-Zn-Ni 


90:10:0.5:5:10:10 


4.0 


168 


not less than 95 


Ex. 12 


Li-Ag-Te-Si-Ni 


90:10:0.5:20:10 


4.1 


175 


not less than 95 


Com. Ex. 8 


Li-Ag 


90:10 


3.9 


20 


not more than 30 



Note 

*1 : Measured after 50 cycles of charge-discharge. 

*2 : Ratio of discharge capacity after 50 cycles of charge-discharge, to initial capacity. 



50 

According to the present invention, a negative electrode, wherein the growth of dendrite is suppressed, 
charge-discharge capacity is high, energy density is high and degradation due to repetitive charge- 
discharge is less can be obtained. By the use of the negative electrode obtained in the present invention, a 
lithium secondary battery superior in charge-discharge cycle life, which has high energy density permitting 
55 long-term use, high electromotive force and high charge-discharge capacity, can be produced. 
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Claims 



1. An alloy for a negative electrode of a lithium secondary battery, comprising an Li-Ag-Te type alloy 
having an atomic ratio of Li:Ag:Te= 15-120:1-20:0.001-2. 

2. An alloy for a negative electrode of a lithium secondary battery, comprising an Li-Ag-Te-(M1-M2) type 
alloy having an atomic ratio of Li:Ag:Te:M1 :M2 = 15-120:1-20:0.001-2:1-50:1-30 wherein Ml is a 3B-5B 
group metal and M2 is a transition metal other than Ag. 

3. The alloy of Claim 2. wherein M1 is at least one member selected from the group consisting of Al. Si 
In and Sn. 



4. 



The alloy of Claim 2, wherein M2 is at least one member selected from the group consisting of Zn Fe 
Co, Ni, Mn, Mo and W. ^ ^ ^ 



5. A lithium secondary battery comprising a negative electrode composed of the alloy of any one of 
Claims 1 to 4. 



20 



25 



30 



35 
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